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Abstract 
This research paper describes the low cost concrete by blending various ratios of cement by 
hypo sludge. The main objective of this paper is to reduce the CO2 emission due to cement 
industry and to reduce the industrial wastes disposal. The main aim of this research is the 
presentation of concrete however adding of paper waste with various proportions of hypo 
sludge. Standard cubes and cylinders are used for this durability tests. These tests were 
carried out to evaluate the durability characteristics such as Acid attack, sulphate attack, 
alkaline attack, water absorption and sorptivity. 
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INTRODUCTION 
Energy plays a crucial role in growth of 
developing countries like India. Therefore, 
it is essential to save energy and reduce 
carbon dioxide for the betterment of 
mankind. Carbon dioxide can be reduced 
by using industrial waste for building 
materials such as cement etc. Addition of 
paper waste in concrete, it can save the 
environment. Due to the high productivity 
of cement, it causes serious health and 
environmental problems. To produce 
Ordinary Portland Cement (OPC), we use 
earth resources like limestone. During 
manufacturing of one tonne of OPC, an 
equal amount of carbon-dioxide is released 
into the atmosphere which is harmful to 
the environment. By producing paper, the 
sludge will be caused serious disposal and 
landfill problems. The moisture content of 
the paper sludge is typically up to 45%. To 
solve this issue, the hypo sludge is used as 
a supplementary cementitious material and 
to increase the strength of the concrete. 
Also the cost of cement is steadily 
increasing day by day. So, there is a great 
need to use industrial waste products in an 
appropriate manner to reduce the cost and 
environmental problems. The use of hypo 
sludge (industrial wastes) in concrete can 
save the paper industry disposal costs, 
cement manufacturing costs and produces 
a green concrete for construction. 
 
Objectives 
1. To prepare mixes in various 
proportions by the certain replacement 
of hypo sludge. 
2. It reduces the environmental pollution. 
3. It is determined as low cost concrete. 
4. Economical and profitable substitute to 
landfills, incinerator. 
5. It is cheaper substitute to OPC. 
 
MATERIALS 
Cement 
The Portland cement 53 grade conforming 
to IS: 1489 (part I) 1991 is being used in 
concrete. Cement is a binding material 
which it binds the other material in 
concrete. The specific gravity of cement is 
3.15, consistency is 33%, initial setting 
time is 30 minutes and the final setting 
time is 600 minutes. 
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Fine Aggregate 
The fine aggregate used in this research is 
conforming to IS 383-1970. The fine 
aggregate specific gravity is 2.6 and the 
water absorption is 1.0% and the fineness 
modulus is 4.67%. The gradation of fine 
aggregate is determined by sieve analysis 
is considered as Zone I. 
 
Coarse Aggregate 
The coarse aggregate used in this research 
is conforming to IS 383-1970. The specific 
gravity of coarse aggregate is 2.8 and the 
water absorption is 0.5%. The coarse 
aggregate is obtained from a local crushing 
granite passing from 20mm sieve and it is 
retained on 12.5mm. 
 
Water 
Water is used as important ingredient to 
mix all the components in the concrete. 
The quality and quantity of water shows 
the effect on the strength of the concrete. 
Fresh water should be used for the 
concrete mix. 
 
Hypo Sludge 
Hypo sludge used as alternative material 
for cement. Due to silica and magnesium 
properties, hypo sludge performs similar to 
cement which it improves the setting time 
of concrete. The specific gravity of hypo 
sludge is 1.46. The physical property of 
hypo sludge is defined by various 
replacements.
 
Figure 1: Hypo Sludge. 
 
Table 1: Setting Time. 
S. No. Ingredients 
Initial setting 
(min) 
Final setting 
(min) 
1. Cement +10% hypo sludge 32 598 
2. Cement +15% hypo sludge 33 598 
3. Cement +20% hypo sludge 33 597 
4. Cement +25% hypo sludge 34 596 
5. Cement +30% hypo sludge 35 596 
 
Table 2: Chemical properties of hypo sludge. 
S. No. Constituent Present in hypo sludge (%) 
1. Moisture 56.8 
2. Magnesium oxide (MgO) 2.71 
3. Calcium oxide (CaO) 47.84 
4. Loss on ignescent 36.2 
5. Acid insoluble 12.12 
6. Silica(SiO2) 5.28 
7. R2O3 3.6 
8. Al2O3 0.09 
9. SO3 0.19 
  
 
 
11 Page 9-17 © MAT Journals 2019. All Rights Reserved 
 
Journal of Ceramics and Concrete Sciences 
 Volume 4 Issue 2 
Table 3: Comparison of cement and hypo sludge. 
S. No. Constituents Cement (%) Hypo Sludge (%) 
1. Lime 62 38 
2. Silica(SiO2) 22 12 
3. Alumina 5 1 
4. Magnesium 6 2.9 
5. Calcium sulphate 8 0.85 
 
METHODOLOGY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
    
 
LITERATURE REVIEW 
Structural Performance and Durability of 
Concrete by Partial Replacement of Hypo 
Sludge: 
The percentage increases in compressive 
strength and flexural strength for 28 days 
is achieved for 30% replacement of 
cement by hypo sludge. The ADF for 
normal concrete are more than hypo 
sludge replacement. 
 
Durability Study on Hypo Sludge 
Concrete with Replacement of Fine 
Aggregate: 
The 30%, 40% replacement is starting to 
decrease in strength. The sorptivity results 
are very low penetration comparing to 
conventional concrete. The durability 
properties of hypo sludge concrete under 
acid attack, sulphate attack and RCPT test 
results shows low penetration comparing 
to normal concrete. 
 
CASTING AND CURING OF 
SPECIMEN 
The materials were weighed as per the 
designed mix proportion and they were 
mixed using concrete mixer. The quantity 
of cement, fine and coarse aggregate, hypo 
sludge and water is added as per design. 
General mixing time of 5 to 10 minutes 
was followed. Steel and wood moulds 
were used for casting the specimens. To 
ensure proper compaction, concrete 
moulds were vibrated .After casting the 
specimen, it should be dried for 24 hours 
Literature Study 
Materials Collection 
Testing of Materials 
Casting and curing of 
specimen 
Durability testing 
Result and discussion 
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and it should be removed from the mould 
and it undergoes curing process. After 28 
and 90 days of curing the specimen are 
taken out from water and allow it for 
drying for 1 day in shadow. Then the 
specimen is tested. 
 
 
Figure 2: Curing of specimen. 
 
DURABILITY TESTING 
Acid Attack: 
The concrete specimens of size 150x150x 
150mm were casted and it should be dried 
for 24 hours. After 24 hours, it should be 
remoulded and cured for 28 days in water. 
After 28 days of curing in water, the 
specimens are weighed and the specimen 
should be immersed in 5% hydrochloric 
acid and some specimen should be 
immersed in 5% sulphuric acid for the 
period of 90 days. Then it should be 
weighed and the compressive strength 
should be noted. 
  
Table 4: Weight loss at acid attack. 
S. No. % Replacement 
Acid Exposure at 90 days 
% Loss of weight (HCl) % Loss of weight (H2SO4) 
1. 0% 5.48 5.28 
2. 10% 4.29 4.5 
3. 15% 4.50 3.75 
4. 20% 3.20 3.26 
5. 25% 2.68 2.60 
6. 30% 1.80 1.21 
 
 
Figure 3: Weight loss at acid attack. 
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Table 5: Strength loss at acid attack. 
S. No. % Replacement 
Acid Exposure at 90 days 
% Loss of strength (HCl) % Loss of strength (H2SO4) 
1. 0% 15.6 14.8 
2. 10% 15.4 16 
3. 15% 16.3 16.2 
4. 20% 17 17.8 
5. 25% 17.2 20.3 
6. 30% 18.4 25.5 
 
 
Figure 4: Strength loss at acid attack. 
 
Alkaline attack 
The concrete specimens of size 150x150x 
150mm were casted and it should be dried for 
24 hours. After 24 hours, it should be 
remoulded and cured for 28 days in water. 
After 28 days of curing in water, the 
specimens are weighed and the specimen 
should be immersed in 5%sodium hydroxide 
for the period of 90 days. Then it should be 
weighed and the compressive strength should 
be noted. The alkaline attack was found by 
the percent loss of weight of specimen and 
the percent loss of compressive strength on 
immersing cubes on acid water. 
  
Table 6: Alkaline attack. 
S. No. % Replacement 
Alkaline Exposure at 90 days 
% Loss of weight % Loss of strength 
1. 0% 4.80 15.5 
2. 10% 3.82 15.9 
3. 15% 3.14 16.8 
4. 20% 2.97 19.5 
5. 25% 2.46 19.6 
6. 30% 1.39 21.9 
 
 
Figure 5: Weight loss at alkaline attack. 
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Figure 6: Strength loss at alkaline attack. 
 
Sulphate Attack 
The concrete specimens of size 150x150x 
150mm were casted and it should be dried for 
24 hours. After 24 hours, it should be 
remoulded and cured for 28 days in water. 
After 28 days of curing in water, the 
specimens are weighed and the specimen 
should be immersed in 5% disodium sulphate 
for the period of 90 days. Then it should be 
weighed and the compressive strength should 
be noted. The sulphate attack was found by 
the percent loss of weight of specimen and 
the percent loss of compressive strength on 
immersing cubes on acid water.
  
Table 7: Sulphate attack. 
S. No % Replacement 
Sulphate attack Exposure at 90 days 
% Loss of weight % Loss of strength 
1. 0% 3.01 23.82 
2. 10% 2.73 27.6 
3. 15% 2.63 27.9 
4. 20% 2.36 37 
5. 25% 2.60 35 
6. 30% 2.33 30.1 
 
Figure 7: Weight loss at sulphate attack. 
 
 
Figure 8: Strength loss at sulphate attack. 
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Water Absorption 
The specimen size 100mm dia x50mm 
height of cylinder after casting was 
cured in water for 90 days and it is oven 
dried for 24 hours at a temperature of 
110  ֯ C and weighed (W1) it is 
considered as dry weight and the 
cylinders was kept in hot water for 3.5 
hours at 85  ֯ C and weighed it is 
considered as wet weight (W2).
 
Table 8: Water Absorption. 
% Replacement Dry weight (W1) Wet weight (W2) % Water absorption 
0% 958.76 962.76 0.41 
10% 940.17 950.32 1.07 
15% 884.67 898.33 1.54 
20% 863.67 888.33 2.86 
25% 566 900.50 3.94 
30% 870.23 910.54 4.32 
 
 
Figure 9: Water absorption. 
 
Sorptivity 
The specimen size 100 mm dia and 50 mm 
height should be dried in oven at a 
temperature of 110  ֯ C and it should 
covered with a non –absorbent coating to 
prevent from non- peripheral surface by 
sealing it properly. It should absorbed the 
water for 30 minutes. It was  measured by 
weighing the specimen on a top pan 
balance up to 0.1 mg, surface water on the 
specimen was cleaned with tissue and 
should be weighed within 30 seconds.
  
Table 9: Sorptivity. 
% Replacement Dry weight Wet weight Sorptivity in 10
-5
mm 
0% 978 979 2.32 
10% 936.22 937.41 2.76 
15% 945.63 947.16 3.56 
20% 889.02 890.88 4.32 
25% 854.00 856.00 4.65 
30% 832.28 834.51 5.18 
 
 
Figure 10: Sorptivity. 
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Rapid Chloride Penetration Test 
The rapid chloride penetration test was 
carried in the specimen of 100mm 
diameter with 50mm long. The RCPT test 
is performed for concrete of grade M30. It 
should be cured for 28 days for the test. 
After 28 days, the electric current passes 
through the sample. It is more permeable 
when it has higher coulombs and it is less 
permeable when it has lower coulombs. 
This method is used for the quality and 
specifications purposes 
 
Table 10: Recommended values from ASTM C1202. 
Charge passed (coulombs) Chloride penetration 
>4000 High 
2000-4000 Moderate 
1000-2000 Low 
100-1000 Very low 
<100 Negligible 
 
Table 11: Chloride penetration test results. 
% Replacement Chloride penetration 
 Coulombs Remarks 
0% 1020 L 
10% 1052 L 
15% 1082 L 
20% 1176 L 
25% 1226 L 
30% 1289 L 
 
CONCLUSION 
 The new construction material is 
introduced as a hypo sludge which is 
taken as low cost  
 It can be used for an economic 
feasibility in projects implemented by 
governments for rural people. 
 Concrete with hypo sludge shows 
lesser chloride ion penetrability than 
the conventional concrete. 
 Concrete mixes shows lesser strength 
in acid attack and alkaline attack  
 In sulphate attack, the minimum 
reduction takes place in 10% 
replacement of hypo sludge. 
 Paper waste sludge could be a natural 
resource and it will be economical and 
eco-friendly concrete. 
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